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Stationary-crystal,  stationary-counter  background  counts  of  10 


assumed  NH{  - NHj  contaat  distance  of  about  4&i  resulted  in 
the  probable  assignment  reported.  A final  cycle  of  aniso- 
tropic refinement,  in  which  no  parameter  shifted  by  more  than 


used  for  unit  cell  determination  was  also  used  for  dsts  col lee- 


TABLE  ZZ 


Fioel  Positional  and  Thermal  Parameters  for  (NH4) 4 
fractional  coordinates  Anisotropic 

(<CH3P)2Mo5021J*5H20 
temperature  factors 

d) 

xl04)« 

Atoa 

X 

X 

X 

#ii 

*22 

*33 

*12 

*13 

*23 

No(l) 

1.09494(7) 

b 0.25 

0.63626(4) 

39.4(7) 

15-7(4) 

9.6(2) 

4.5(4) 

0.7(3) 

-2.0(2) 

Mod) 

1.23246(7) 

0.45577(8) 

0.73854(4) 

36.3(7) 

23.6(5) 

9.4(2) 

2.3(5) 

-1-2(3) 

-2.7(3) 

Mod) 

0.99310(7) 

0.61630(8) 

0.74525(4) 

43.3(7) 

14.8(4) 

10.1(2) 

1.6(4) 

1.1(3) 

-2.6(3) 

Nod) 

0.73471(7) 

0.55058(8) 

0.62870(4) 

40.5(7) 

16.7(4) 

11.9(2) 

6.3(5) 

-2.2(3) 

-0.8(3) 

No(5) 

0.62473(7) 

0.33892(8) 

0.55291(4) 

43. 1(7) 

18.1(4) 

9.5(2) 

2.4(5)  . 

-4.2(3) 

-2.9(3) 

Mo(lMc 

0.22694(7) 

0.55228(8) 

0. 13609(4) 

31.1(6) 

15.6(4) 

12.3(2) 

2.6(5) 

0.7(3) 

0.0(3) 

Mo<  2* ) 

0.32180(7) 

0.33176(8) 

0.04651(4) 

35.6(7) 

15.4(4) 

10.4(2) 

-1.1(4) 

-2.3(3) 

-1.4(2) 

Nod’) 

0.59607(7) 

0.25719(8) 

0.13500(4) 

36.1(7) 

14.6(4) 

11.5(2) 

3.1(4) 

-1.0(3) 

0.9(2) 

Mod') 

0.70493(7) 

0.44282(8) 

0.23453(1) 

32.5(6) 

17.0(4) 

9.9(2) 

-0.2(5) 

-0.7(3) 

-0.4(2) 

Ho<5M 

0.49632(7) 

0.63036(8) 

0.22548(4) 

38.7(7) 

15.3(4) 

10.6(2) 

0.1(4) 

0.2(3) 

-1.9(3) 

HU 

1.0632(2) 

0.5053(2) 

0.  5936(1) 

42.4(21) 

16.0(12) 

7.6(6) 

-1.2(13) 

1.9(9) 

0.9(7) 

HD 

0.9037(2) 

0.3736(2) 

0.7290(1) 

35.3(20) 

15.9(12) 

8.9(6) 

-0.6(13) 

2.1(9) 

-0.2(7) 

KIM 

0.5373(2) 

0.5022(2) 

0.0824(1) 

34.9(19) 

15.9(12) 

7.5(5) 

-1.6(13) 

2.6(8) 

1.3(7) 

KIM 

0.3662(2) 

0.3827(2) 

0.2253 (1) 

39.0(21) 

13.1(13) 

9.2(6) 

-0.7(13) 

2.9(9) 

2.7(7) 

Od) 

1.1860(6) 

0.2453(5) 

0.5696(3) 

54(6) 

32  (4) 

18(2) 

8(4) 

6(3) 

-7(2) 

0(1) 

1.1207(6) 

0.1385(5) 

0.6713(3) 

72(7) 

22(4) 

22(2) 

17(4) 

7(3) 

1(2) 

0(3) 

1.2040(5) 

0.3325(5) 

0.6939(3) 

42(6) 

33(4) 

12(2) 

5(4) 

-3(2) 

0(2) 

0(4) 

0.9715(5) 

0.2779(4) 

0.7200(3) 

52(6) 

14(3) 

12(2) 

3(4) 

7(3) 

4(2) 

0(5) 

0.9258(6) 

0.2322(4) 

0.5917(3) 

68'6) 

18(3) 

9(1) 

4(4) 

1(2) 

-3(2) 

0(6) 

1.0144(6) 

0.3982(4) 

0.5866(3) 

52  < 6) 

21(4) 

11(2) 

-3(4) 

-1(3) 

-2(2) 

0(7) 

1.0031(5) 

0.  4535  (5) 

0.7438(3) 

45(5) 

23(4) 

11(2) 

0(4) 

0(2) 

1(2) 

0(1) 

1.1953(5) 

0.5066(5) 

0.6312(3) 

50(6) 

23(4) 

13(2) 

-7(4) 

3(3) 

-3(2) 

0(9) 

1.3670(6) 

0.4755(5) 

0.7309(3) 

55(6) 

37(4) 

15(2) 

-2(4) 

2(3) 

-5(2) 

0(10) 

1.2374(6) 

0.4186(5) 

0.8220(3) 

56(6) 

41(4) 

11(2) 

7(4) 

-4(3) 

0(2) 

0(11) 

1.1695(6) 

0.5858(5) 

0.7468(3) 

41(6) 

25(4) 

15(2) 

-9(4) 

2(3) 

-6(2) 

0(12) 

0.9821(6) 

0.6270(5) 

0.9305(3) 

64(6) 

32(4) 

17(2) 

0(4  i 

4(3) 

3d) 

0(13) 

0.9721(6) 

0.5680(5) 

0.6304(3) 

54(6) 

22(3) 

11(2) 

-2(4) 

4(3) 

-2(2) 

0(14) 

0.6158(6) 

0.5866(5) 

0.7191(3) 

45(6) 

27(4) 

13(2) 

4(4) 

3(3) 

-3(2) 

0(13) 

0.9979(7) 

0.7350(5) 

0.7185(4) 

84(8) 

22(4) 

19(2) 

-1(5) 

2(3) 

3(2) 

0(16) 

0.6015(6) 

0.5200(6) 

0.6379 (4) 

46(6) 

45(5) 

24(2) 

4(4) 

Od) 

-4(3) 

0(17) 

0.8161(5) 

0.3981(4) 

0.6650(3) 

52(6) 

18(4) 

7(2) 

3(4) 

1(2) 

1(2) 

0(1#) 

0.7811(6) 

0.4756(5) 

0.5489(3) 

70(6) 

17(3) 

11(2) 

11(4) 

-7(3) 

2(2) 

0(1»> 

0.7390(7) 

0.6627(5) 

0.5890(3) 

86(7) 

20(4) 

20(2) 

11(4) 

-3d) 

4(2) 

0(20) 

0.6490(7) 

0.3246(5) 

0.4701(3) 

109(8) 

37(5) 

13(2) 

615) 

1(3) 

-3(2) 

a(21) 

0.6801(6) 

0.2888(5) 

0.5594(4) 

55(6) 

25(4) 

23(2) 

-1(4) 

-6(3) 

-1(2) 

oilM 

0.2196(6) 

0.6395(5) 

0.0740(3) 

58(7) 

32(4) 

17(2) 

6(4) 

-1(3) 

7(2) 

0(2M 

0.0766(6) 

0. 5536 (5# 

0.1578(3) 

48(6) 

33(4) 

23(2) 

8(4) 

7(3) 

0(3) 

0(3M 

0.2303(5) 

0.4410(5) 

0.0775(3) 

32(5) 

19(3) 

18(2) 

3(4) 

-5(2) 

-1(2) 

0(4* ) 

0.2604(5) 

0.4334(5) 

0.2124(3) 

47(5) 

27(4) 

10(2) 

0(3) 

7(2) 

2(2) 

0(SM 

0.3131(3) 

0.6224(5) 

0.2108(3) 

41(5) 

23(4) 

12(2) 

4(4) 

2(2) 

1(2) 

0(6M 

0.4510(5) 

0.5564(5) 

0.1277(3) 

34(5) 

19(3) 

11(2) 

-3(4) 

-3(2) 

1(2) 

0(7M 

0.4180(5) 

0. 3274(4) 

0.1605(3) 

47(6) 

17(3) 

13(2) 

-4(4) 

-2(2) 

2(2) 

0(#M 

0.4532(3) 

0. 4536(5) 

0.0242(3) 

49(5) 

25(4) 

9(2) 

-13(4) 

2(2) 

0(2) 

0(»M 

0.2785(6) 

0.3332(5) 

-0.0381(3) 

53(6) 

39(4) 

15(2) 

-5(4) 

-6(3) 

-5(2) 

O(10M 

0.2270(6) 

0.2411(5) 

0.0727(3) 

54(7) 

25(4) 

18(2) 

-4(4) 

1(3) 

2(2) 

0(11M 

0.4829(6) 

0.2659(5) 

0.0516(3) 

48(6) 

25(4) 

13(2) 

8(4) 

-2(3) 

-5(2) 

0(12M 

0.5602(7) 

0.1429(5) 

0.1587(4) 

84(7) 

15(4) 

25(2) 

-7(4) 

-7(3) 

5(2) 

0{13M 

0.6212(5) 

0.4278(5) 

0. 1235 (3) 

38(5) 

20(3) 

12(2) 

-4(4) 

-2(2) 

2(2) 

0(14M 

0.6573(3) 

0.3081(4) 

0.2238(3) 

41(6) 

20  d) 

14(2) 

3(4) 

-6(2) 

2(2) 

0(13' ) 

0.7350(6) 

0.2419(5) 

0.0997(3) 

48(6) 

44(4) 

15(2) 

3(4) 

Od) 

-6(2) 

0(16M 

0.7387(6) 

0.4401(5) 

0.3211(3) 

86(7) 

32(4) 

10(2) 

1(5) 

-7(3) 

1(2) 

0(17' ) 

0.4931(5) 

0.4555(5) 

0.2475(3) 

44(5) 

21(3) 

10(1) 

-5(4) 

3(2) 

0(2) 

0(1#') 

0.6626(5) 

0.5758(4) 

0.2157(3) 

37(5) 

20(3) 

15(2) 

-3(3) 

4(3) 

3(2) 

0(1»M 

C. 8532(6) 

0.4440(5) 

0.2071(3) 

58(6) 

35(4) 

15(2) 

-2(4) 

4(3) 

-2(2) 

0(20') 

0.5212(6) 

0.7417(5) 

0.1951(4) 

73(7) 

21(4) 

26(2) 

-10(4) 

-3d) 

3(2) 

0(21') 

0.3099(6) 

0.4488(6) 

0.3127(3) 

73(7) 

41(6) 

17(2) 

6(5) 

-Id) 

-9(2) 

Cd) 

1.0643(10) 

0.5517(8) 

0.5097(5) 

95(11) 

32  (6) 

13(3) 

-16(7) 

1(5) 

6(4) 

C(2) 

0.8142(10) 

0.3630(7) 

0.7989(5) 

92(11) 

20(5) 

15(2) 

3(6) 

21(4) 

1(3) 

C(1M 

0.6405(10) 

0.5892(8) 

0.0481(5) 

75(10) 

30(6) 

19(3) 

-19(6) 

0(4) 

8(3) 

C(2' ) 

0.3768(9) 

0.2954(8) 

0. 2921 (S) 

67(10) 

37(6) 

14(3) 

-3(6) 

9(4) 

11(3) 

■ d) 

0.0436(9) 

0.4472(7) 

0.3097(5) 

113(11) 

30(5) 

29(3) 

-3(7) 

-7(5) 

-1(4) 

■ (2) 

0.4527(9) 

0.3445(7) 

0.6244(5) 

112(11) 

30(5) 

27(3) 

-6(61 

25(5) 

-1(3) 

1(3) 

0.6778(6) 

0.5625(7) 

0.4292(4) 

72(8) 

44(6) 

14(2) 

-4(6) 

3(4) 

4(3) 

N(4) 

0.2704(9) 

0.7152(7) 

0.6485(4) 

98(10) 

35(5) 

18(2) 

-26(6) 

-4(4) 

2(3) 

N(5) 

0.3063(8) 

0.4398(7) 

*0.1210(4) 

85(9) 

36  (6) 

21(3) 

-1(6) 

-4(/) 

4(3) 

«(4) 

1.0049(8) 

0.3310(7) 

0.1266(5) 

59(8) 

35(5) 

29(3) 

-9(6) 

19(4) 

-3(3) 

*(7) 

1.1931(10) 

0.5465(7) 

-0.0661(5) 

145(11) 

34(6) 

17(2) 

0(7) 

10(4) 

-2(3) 

■ (() 

0.6496(9) 

0.7072(7) 

0.1769(5) 

88(10) 

42(6) 

22(3) 

-31(6) 

6(4) 

-11(3) 

*0(1) 

0.1161(8) 

0.3304(6) 

0. 4283(4) 

lSO(lO) 

44(5) 

24(2) 

24(6) 

19(4) 

5(31 

*q(2) 

0.3679(9) 

0.3666(9) 

0.4843(5) 

138(12) 

90(8) 

34(3) 

-1(8) 

-9(5) 

6(4) 

Aqd> 

0.4110(7) 

0.5631(7) 

0.4478(4) 

73(8) 

76(7) 

32(3) 

7(6) 

6(4) 

10(4) 

Aqd) 

0.2249(4) 

0.6026(6) 

0.3419(4) 

54(7) 

52(5) 

29(2) 

-5(5) 

12(1) 

-16(3) 

Aqd) 

0.4633(8) 

0.6979(7) 

0.5611(4) 

94(8) 

59  (5) 

23(2) 

27(5) 

-3(4) 

-7(3) 

Aq(6) 

0.6453(8) 

0.  3028  (7) 

-0.0470(4) 

131(10) 

57(6) 

24(2) 

42(6) 

11(4) 

10(3) 

Aq(7) 

0.6972(10) 

0.3479(10) 

-0.0097(5) 

156(13) 

106 (9) 

34(3) 

-8(9) 

15(5) 

16(5) 

Aq(() 

0.9383(9) 

0.5373(9) 

-0.0411(5) 

149(12) 

104(9) 

37(3) 

-11(9) 

27(5) 

4(5) 

Aq(») 

0.7096(8) 

0.5705(6) 

-0.1503(5) 

101(9) 

17(5) 

48(3) 

-16(5) 

29(5) 

-7(3) 

Aq(10) 

0.9497(8) 

0.6966(8) 

0.0510(4) 

98(8) 

75(0 

31(3) 

38(6) 

10(4) 

12(3) 

{ 
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TABLE  XIX 


Final  Positional  and  Thermal  Parameters  for  (CH^)  41  (NHjCjtljP)  * 5H2°  (II) 


Fractional  coordinates Anisotropic  temperature  factors  (x!0*)a 


Atom 

X 

X 

s 

»n 

»22 

B33 

»12 

*13 

*23 

Mo<l> 

0.24564 (8) 

0.22407(4) 

0.23308(6) 

32.7(8) 

9.5(3) 

19.6(5) 

-7.8(4) 

4.6(5) 

1.1(3) 

MO  (2) 

-0.07430(8) 

0.21127(4) 

0.23012(6) 

32.0(8) 

9.0(2) 

17.5(5) 

0.6(4) 

5.6(5) 

1.2(3) 

Hod) 

-0.12791(8) 

0.05044(4) 

0.28011(6) 

35.7(8) 

10.1(3) 

20.6(5) 

-4.4(4) 

5.2(5) 

0.7(3) 

MO<4) 

0.11935(8) 

-0.03873(4) 

0.26704  (5) 

41.3(9) 

3.8(3) 

18.7(5) 

-0.9(4) 

2.2(5) 

0.9(3) 

Mod) 

0.34086(8) 

0.06588(5) 

0.22484(6) 

33.6(3) 

11.0(3) 

22.2(5) 

0.8(4) 

6.2(5) 

0.7(3) 

Isotropic  thermal 

Fractional  coordinate  paracatar  <JU) 


Atoa 

X 

X 

X 

B 

*u) 

0.0668 (2) 

0.0989(1) 

0.1165(2) 

1.41(5) 

r<2) 

0.1351(2) 

0.1173(1) 

0.3804(2) 

1.49(5) 

Ha 

0.4929(5) 

0.4296(3) 

0.0870(4) 

4.1(1) 

0(1) 

0.2708(7) 

0.2456(4) 

0.1190(5) 

2.7(1) 

0(2) 

0.3018 (6) 

0.2398(2) 

0.2991 (5) 

2.6(1) 

0(3) 

0.0311(6) 

0.2431(3) 

0.2277(4) 

1.9(1) 

0(4) 

0.1972(6) 

0. 1335(3) 

0.3780(5) 

1.9(1) 

0(5) 

0.3645(6) 

0.1584(3) 

0.2623(5) 

2.1(1) 

0(6) 

0.1827(6) 

0.1224(3) 

0.1713(4) 

1.7(1) 

0(7) 

0.0133(6) 

0.1240(3) 

0.3243(4) 

1.7(1) 

0(8) 

-0.0155(6) 

0.1574(3) 

0.1009(5) 

1.9(1) 

0(9) 

-0.1542(6) 

0.2624(3) 

0.1514  (5) 

2.2(1) 

0(10) 

-0.1043(6) 

0.2415(3) 

0.3409(5) 

2.4(1) 

0(11) 

-0.1734(6) 

0.1342(3) 

0.2218  (5) 

2.1(1) 

0(12) 

-0.1963(7) 

0.0585(3) 

0.3326(5) 

2.7(1) 

0(13) 

0.0127(6) 

0.0418(3) 

0.1679(5) 

1.8(1) 

0(14) 

-0.0100(6) 

-0.0105(3) 

0.3306(5) 

2.0(1) 

0(15) 

-0.2175(7) 

-0.0007(4) 

0.2106(5) 

2.8(3) 

0(16) 

0.1951(6) 

-0.0812(4) 

0.3579  (5) 

2.6(1) 

0(17) 

0.2049(6) 

0.0590(3) 

0.3422(4) 

1.8(1) 

0(18) 

0.2386(6) 

-0.0100(3) 

0.1932(5) 

2.2(1) 

0(19) 

0.0578(7) 

-0. 0996  f 4 > 

0.1950(5) 

2.9(2) 

0(20) 

0.4033(7) 

0.0667(4) 

0.1183(5) 

3.2(2) 

0(21) 

0.4410(7) 

0.0283(4) 

0.3044(5) 

3.1(2) 

8(1) 

0.0949(8) 

0.1824(4) 

-0.0761(6) 

2.8(2) 

*(2) 

-0.0777(8) 

0.1585(4) 

0.5095(6) 

2.6(2) 

■ d) 

0.6233(3) 

0. 3642(5) 

0.4755(7) 

3.3(2) 

C(l) 

0.1063(9) 

0.0699(5) 

0.0025(7) 

2.0(2) 

C(2) 

0.1736(10) 

0.1222(5) 

-0.0510(7) 

2.3(2) 

Cd) 

0.1119(9) 

0.0979(5) 

0.5011(7) 

2.3(2) 

C ( 4 ) 

0.0460(10) 

0.1503(6) 

0.5533(8) 

2.6(2) 

C(S) 

0.7247(15) 

0. 3354  (8) 

0.4295(12) 

6.3(4) 

C ( 6) 

0.5216(15) 

0.3813(8) 

0.4011(11) 

6.0(4) 

C(7) 

0.6623(12) 

0.4266(7) 

0.5279(10) 

4.4(3) 

C(8) 

0.5378(14) 

0.3146(3) 

0.5459(11) 

5.7(4) 

Aq(l) 

0.6347(7) 

0. 4915 (4) 

0.0015(5) 

3.2(2) 

Aq(2) 

0.3465(8) 

0.4077(4) 

0.1389(6) 

4.5(2) 

Aq  (3) 

0.6063(9) 

0.3402(5) 

0.1717(7) 

5.8(2) 

Aq  (4) 

0.4201(9) 

0.3334(5) 

-0.0106(7) 

5.3(2) 

Aq  (5) 

0.5927(11) 

0.2122(7) 

0.2776(9) 

8.0(3) 

aThe  fora  of  tha  anisotropic  thsrmal  allipsoid  is  axp(- (S j lJ*38.  j(i)c*28^jh t) ) . 
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) 


0(18)  and  2.75(1)A  for  Aq(6)-0(1'),  respectively 


Selected  Distance*  (X)  and  Angles  (Deg)  for  the  Cations  in  and  distancea  ranging  frora  ,.49  to  1.54(2)A.  The  coordina 

WalN(CH3)4W(NH3C2H4P) jMo5021J -SHjO  (II)  tlon  geometry  about  the  sodium  ion  is  that  of  a distorted 

octahedron , with  sodium  ion-water  distances  ranging  from  2.36 

[N(CH3)41* 

to  2.48(1)A  and  the  sodium  ion-anion  oxygen  distance,  Na-0(21) 


Mo  (5)  -0(5) 
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Captions  for  Figures 

Figure  1.  A stereoscopic  view  of  the  unit  cell  of 

(NHi, ) 4 [ (CH3P)  2M05O2  1 ] -5H20  (1)  . The  anions  show  MoOs  octa- 
hedra;  all  other  vibrational  ellipsoids  are  drawn  at  the 
50%  probability  level.  In  the  H2O  - NHi*+  chains  the  probable 
N atoms  have  been  shaded. 

Figure  2.  A stereoscopic  view  of  the  unit  cell  of 

Na[N (CH3 ) 4 ] [ (NH3C2H4P) 2M05O2 1 ] * 5H2O  (II)  . The  anions  show 
M0O6 octahedra;  all  other  vibrational  ellipsoids  are  drawn 
at  the  50%  probability  level.  The  Na  atoms  of  the 
[Na2  (H2O) a ] 2+  cations  have  been  shaded. 


Figure  3.  a stereoscopic  view  of  the  [ (CH3P)  2M05O2  1 ] anion 

i 

(anion  I) , with  vibrational  ellipsoids  drawn  at  the  50% 
probability  level. 


Figure  4.  A stereoscopic  view  of  the  [ (NH3C2H4P) 2M05O2 1 ] z" 
anion  (anion  li) . The  vibrational  ellipsoids  are  drawn 
. at  the  50%  probability  level. 

Figure  5.  The  [ (NH3C2H4P) 2M05O2 1) 2~  anion  (anion  IJ)  showing 


the  MoC>6  octahedra. 
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The  crystal  and  molecular  structures  of  two  stable  organic  deriva- 
tives of  a heteropoly  anion  have  been  determined  from  three-dimension- 
al X-ray  data  collected  by  counter  methods...  The  pentamolybdomethyl- 
phosphonate  compound,  (NH4K  - [ (CH3P)  2Mo50>>  i ] *5H20,  crystallizes  in 
space  group  C22-P2i  of  the  monoclinic  system  with  four  formula  units 
in  a cell  of  dimensions  a=10.597(2),  b=13.739(2),  c=19 . 901  (2 ) A; 

=96.05(1)°.  The  observed  and  calculated  densities  are  2.48(2)  and 
2.466  g/cm3,  respectively.  The  pentamolybdoethylammoniumphosphonate 
compound,  Na  [N  (CH3 ) 4 ] [ (NH3C2 Hi,P)  2Mo s02  1 ] • 5H  0,  crystallizes  in  space 
group  C2 h5“P2i/ccof  the  monoclinic  system,  with  four  formula  units  in 
a cell  of  dimensions  a=11.513(4),  b=20.146(6),  c=14 . 110 (5) A;  =95.25(4) 
The  observed  and  calculated  densities  are  2.36(2)  and  2.354  g/cm3, 
respectively.  Both  structures  have  been  refined  by  least-squares  tech- 
niques to  final  R factors  on  F of  0.032  for  the  methyl  compound  and 
0.047  for  the  ethylammonium  compount.  The  structures  of  both  organ- 
oheteropoly  anions  are  similar,  consisting  of  rings  of  five  M0O6  octra- 
hedra  corner-sharing.  Each  face  of  the  Mossring  is  capped  by  a tetra- 
hedral RP03  group  (R=CH3  or  C2Hi,NH3  ) . The^-crystal  structure  of  the 
methyl  compound  contains  contains  two  independent  t (CH3P) 2M05O2 1 ] 4“ 
anions  of  the  same  chirality  related  by  a pseudo-symmetric  B-centering. 
The  ammonium  ions  and  water  molecules  form  infinite  hydrogen-bonded 
chains  parallel  to  the  b axis.  In  the  ethylammonium  crystal  the 


H,f||*Pdi'«  V' 


I 


- [ (NH3C2HsP) 2Mo$02 1 ] 2"  anions  are  loosely  linked  together  as  dimers 

by  sodium  ion  - oxygen  coordination.  This  is  the  first  example  of 
a zwitterionic  heteropoly  anion. 
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